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(54) Detector driven bias circuit for power transistors 



(57) A power transistor circuit (1) for increasing the 
gain of an amplified RF signal has a power transistor 
(2), a voltage bias circuit (1 1) biasing the power transis- 
tor (2) and having a peak detector (1 2) and a source of 
voltage (9) supplying respective- outputs to a summer 
(13): The summer (13) supplying the sum of outputs of 
the peak detector (12) and the source of voltage (9) to 



increase the bias of the power transistor (2) and provide 
an increased gain upon detection of an RF signal peak. 
The peak detector (12) may be connected to the sum- 
mer (13) through a diode (15) with a turn-on threshold 
potential which' prevents relatively low peak detector 
output from reaching the summer (13). 
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Description 



[0001] The invention relates to a power transistor, 
and more particularly, to a power transistor having a 
detector driven bias circuit that adjusts the gain of the 
power transistor in relation to the power level of an 
amplified signal. 

[0002] The base or gate bias of a known power 
transistor operating in an AB mode is provided by a con- 
stant voltage source. The constant voltage source 
applies a bias to the AB mode power transistor that is 
substantially constant at all signal levels. The bias of a 
known power transistor operating in an A mode is regu- 
lated at a constant level by a circuit control loop that 
monitors the average transistor current and applies a 
regulated bias current for biasing the transistor. The 
bias supplied to the A mode power transistor is substan- 
tially constant at all signal levels. For a circuit having a 
power transistor operating in Class AB mode, a small 
amount of quiescent current flows even in the absence 
of an RF signal to be amplified. For a circuit having a 
powertransistor operating in Class A mode, the average 
current flow is substantially the.same for all levels of RF 
signal to be amplified. Each known transistor has its 
base voltage, or gate voltage in the case of a field effect 
transistor, FET or low density metal oxide silicon transis- 
tor, LDMS transistor, held constant during power peaks. 
[0003] It would be desirable to dynamically increase 
the gain of a power transistor beyond that which would 
be provided by a known power transistor that has a con- 
stant bias at all signal levels. Further, it would be desir- 
able to provide a positive increase in the bias supplied 
to a power transistor, especially during power peaks, to 
increase the gain so that the gain is more constant with 
increasing instantaneous power, relative to the non- 
compensated circuit. 

[0004] The invention is a circuit that detects the 
envelope of an incoming signal and increases the bias 
voltage approximately in proportion to the RF voltage of 
the incoming signal, which increases the gain, particu- 
larly at levels of relative peak power. The increase in 
gain compensates for the normal decrease in gain that 
the transistor has as its compression point is reached. 
The decrease in gain is not so much a problem of 
decreased output as it is a problem of distortion. This 
distortion is a result of having an undesired signal 
dependent gain, which makes the transistor nonlinear. 
The invention reduces the cost per watt of power, partic- 
ularly at rf, radio frequencies, and is further applicable to 
reduce the cost per watt of power at other signal fre- 
quencies, such as, baseband, video and audio frequen- 
cies. This reduction in cost is based on the idea that a 
smaller device can be used whose total distortion is the 
same as a larger device with no correction. 
[0005] Unlike the known circuits in which the base 
voltage of a transistor is held constant, or the gate volt- 
age for FETs and LMDS power transistors is held con- 
stant, especially during power peaks, the invention 



provides an increase in the base voltage or the gate 
voltage to increase the instantaneous gain. Further the 
invention increases the base voltage or the gate voltage 
approximately proportional to the signal, which 
5 increases the gain during power peaks. The effect of the 
invention in the case of the AB circuit is to push the 
compression point of the transistor up by approximately 
0.5 dB, and more, and to reduce the intermods for a 
high peak factor signal by typically 3 to 4 dB. The effect 
10 of the invention in the case of the Class A circuit is to 
effectively increase the third order intercept point (IP3) 
of a given device by as much as 6 dB. Alternatively, a 
given IP3 performance can be obtained by using a 
device of half the size/cost, at half the current, in the 
75 case of Class A operation. This allows the circuit to 
obtain the highest compression point for a given cost of 
the transistor and, in the case of the Class A circuit, for 
a given current level. The increased compression point, 
as provided by the invention, is further advantageous to 
20 reduce the level of intermodulation signals and spectral 
regrowth, as the invention maintains low distortion 
[0006] Embodiments of the invention will be 
described by way of example, with reference to the 
accompanying drawings, in which: 
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Figure 1 is a diagram of a Class AB powertransistor 
circuit; 

Figure 2 is a diagram of a Class AB powertransistor 
and amplifier having a detector driven bias circuit 
for the power transistor. 

Rgure 3 is a diagram of a Class A power transistor 
circuit; 

Rgure 4 is a diagram of a Class A powertransistor 
and amplifier having a detector driven bias circuit 
for the power transistor. 



[0007] A known amplifier circuit 1 constituting prior 
art is disclosed in Fig. 1, and has a powertransistor 2 
operating in Class AB mode. The powertransistor 2 is a 
40 BJT (bipolar junction transistor, or an FET, Field Effect 
Transistor, for example, as one of many types of a base 
or gate biased powertransistor 2. An RF signal at an RF 
input 1 02 is supplied to the base 4 of the power transis- 
tor 2 through a series RF capacitor 101, and an ampli- 
45 fied RF signal is supplied to an RF output port 17. Port 
17 is also the RF decoupled collector or drain DC feed. 
An RF inductor 6 is at the junction of the input 3 and the 
base 4 of the power transistor 2, and has an RF bypass 
capacitor 7 in series and referenced to ground or corn- 
so mon electrical potential 8. A source of voltage 9, for 
example, an adjustable, constant voltage source is ref- 
erenced to ground, and is in series with the inductor 6, 
which supplies a constant voltage bias to the base 4 
that combines with the incoming RF signal over all mod- 
55 ulation levels of the incoming RF signal. One of the dis- 
advantages of the amplifier circuit 1 resides in the need 
for a constant voltage bias, which advantageously 
avoids excessive bias of the power transistor 2, but 
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which limits the gain of an RF signal, particularly the 
gain of an RF signal at peak power or peak signal 
strength. Merely increasing the static gain of the power 
transistor 2 by increasing the voltage source 9 would 
increase the gain at ail instantaneous input levels and 
would increase the contribution of signal distortion, 
intermods, and spectral regrowth, particularly upon 
amplification of an RF signal of high peak factor. The 
main benefit is lower intermods for a given device, 
[0008] Accordingly, prior to the invention the gain of 
a power transistor 2 was purposely limited, and to attain 
an increase in gain would have required a larger power 
transistor 2. A need for a larger power transistor 2 would 
limit its capacity for miniaturization, and would consume 
a disproportionate area of a semiconductor wafer of a 
given size to yield a disproportionate low number of. 
larger power transistors 2. Thus, a need exists for a bias 
circuit for a power transistor 2 that would increase the 
gain of an RF signal of peak power or peak signal 
strength, and would avoid excessive gain for a weaker 
RF signal. 

[0009] According to the invention, a smaller power 
transistor 2, consuming less area of a semiconductor 
wafer and other semiconductor materials, provides 
higher gain than was attainable prior to the invention, 
while avoiding distortion and intermodulation compo- 
nents of an amplified signal of lower signal strength. 
[0010] The invention provides a detector 12 that 
drives a bias circuit 11 for a power transistor 2 that 
adjusts the gain of an RF signal in relation to its instan- 
taneous envelope levels. The typical RF signal has a 
modulation envelope that varies, as is shown in the dia- 
gram 10 in Figs. 2 and 4. A desired bias circuit for a 
base biased power transistor 2, operating as Class AB, 
is disclosed with reference to Fig. 2. The circuit 11 has 
an RF inductor 6 at the base 4 of the power transistor 2. 
Further the circuit 11 has a peak detector 12 that 
detects relative peaks in an envelope of the incoming 
RF signal. A bias voltage is provided by the voltage out- 
put of the source of voltage 9 being supplied to a voltage 
summer 13. The output of the peak envelope detector 

12 varies with the modulation level of the incoming RF 
signal, and is supplied to the summer 13. The summer 

13 combines the respective outputs of the source of 
voltage 9 source and of the peak detector 1 2 to bias the 
power transistor 2 upon detection of a rise in the RF sig- 
nal modulation level. The summer 13 feeds an amplifier 

14 and the inductor 6. The peak detector 12 detects a 
rise in the modulation level of the incoming RF signal, 
and provides an output voltage in proportion to the 
detected modulation level. In general the scaling and 
voltage gains of the detector, summer, and amplifier 14 
are set up so that during the maximum peak condition, 
the amount of voltage rise at the base/gate of the tran- 
sistor is small (perhaps 100 mV) in relation to the fixed 
part of the bias. The output voltage is supplied to the 
summer 13 together with the constant voltage from the 
source of voltage 9. Accordingly, the bias is increased, 



which increases the gain at higher modulation levels of 
the incoming RF signal. The gain is increased in 
response to detection of an RF signal with higher mod- 
ulation levels. This is accomplished by virtue of the 

5 device characteristics, without the use of voltage con- 
trolled attenuators, which add cost and complexity. The 
effect of the invention is to push the compression point 
up by as much as 0.5dB to attain the maximum gain at 
relative signal peaks, in the case of AB circuits," and to 

10 attain the lowest distortion from a given area of semi- 
conductor materials. With reference to Fig. 5, the Class 
AB amplifier 1, and power transistor 2 operation, are 
Indicated by the graph depicting Gain vs. Input power, 
on a dB scale. The graph shows that at higher power 

75 levels, the gain is increased. The invention effectively 
controls, the current in the RF amplifier 1 and power 
transistor 2 dynamically with the modulation level of the 
input RF signal. A flatter curve of Gain vs. Input Level is 
produced, which is beneficial to reduce the intermodula- 

20 tion effects of soft clipping in an amplifier 1 that is oper- 
ated near saturation, and on RF signals with high peak 
factors. 

[0011] Further, in response to detection of an RF 
signal at quiescent and at relatively lower modulation 

25 levels, the gain is made more constant with input power 
and this results in suppressing the amplified distortion 
and spectral regrowth and other such intermodulation 
components. The invention has reduced intermodula- 
tion components as much as 4dB in a Class AB Mode 

30 power transistor 2. 

[0012] With further reference to Fig. 2, and accord- 
ing to another embodiment feature of the invention, the 
peak detector 12 is connected to the summer 13 
through a diode 15 that has a turn-on threshold poten- 

35 tial and that is non-conductive below the threshold 
potential to suppress a relatively low output of the peak 
detector 12, keeping it from reaching the summer 13. 
The bias of the power transistor 2 is provided solely by 
a relatively low, voltage supplied by the constant source 

40 of low voltage 9. The gain of the power transistor 2 is 
thereby further constant for quiescent RF signals and 
for low RF signal levels, which results in lowering the 
amplified distortion and spectral regrowth and other 
* such intermodulation components. 

45 [0013] With reference to Fig. 3, a known amplifier 
circuit 1 constituting prior art is disclosed and has a 
power transistor 2 operating in Class A mode. The 
known power transistor 2 operating in a Class A mode 
has a bias circuit 11 in the form of a control loop circuit. 

so The circuit 1 1 has an average current monitor 1 6 at a 
junction of the power transistor 2 and an RF output port 
17, and provides a current control signal through an 
amplifier 14 in the circuit, and through the inductor 6 to 
bias the power transistor 2. The average bias voltage 

55 remains constant from quiescent signal conditions to 
signal peaks. The averaging mechanism is in the cur- 
rent monitor typically, in the form of a capacitor, and 
must average for a time period that is longer than the 
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lowest frequency modulation components. As shown 
the power transistor 2 Is shown as a BJT power transis- 
tor 2, for example. An input RF signal is supplied to the 
input port and is supplied to the base 4 of the power 
transistor 2. A diagram 10 in Fig. 4 shows the modula- 
tion envelope of a typical RF signal to be amplified. The 
RF signal has peak modulation levels. However, the 
known Class A amplifier 1 of Fig. 3 is unable to increase 
the gain of the power transistor 2 with peak modulated 
RF signals. 

[0014] With reference to Fig. 4, the invention pro- 
vides a detector driven bias circuit 11 for a power tran- 
sistor 2 that adjusts the gain of an RF signal in relation 
to its instantaneous envelope levels. The typical RF sig- 
nal has a modulation envelope that varies, as is shown 
in the diagram 10 in Fig. 4. A desired bias circuit 1 1 for 
a power transistor 2, operating in Class A mode, is dis- 
closed with reference to Fig. 4. The detector 11 has an 
RF bypass circuit provided by inductor 6, at the base 4 
of the power transistor 2. Further the circuit 11 has a 
peak envelope detector 1 2 that detects relative peaks in 
an incoming RF signal. The output of the peak envelope 
detector 12 varies with the modulation level of the 
incoming RF signal, and is supplied to a summer 13. A 
current control signal is provided by the voltage output 
of the current monitor 1 6, and is supplied to the summer 
1 3. The summer 1 3 combines the outputs of the current 
monitor 16 and the peak detector 12 to bias the power 
transistor 2 upon detection of a rise in the RF signal 
modulation level. The summer 13 feeds an amplifier 14 
and the inductor 6. The peak detector 12 detects a rise 
in the modulation level of the incoming signal, and pro- 
vides an output voltage in proportion to the detected 
modulation level. The output voltage is supplied to the 
summer 13 together with the constant current control 
signal from the current monitor 16. Accordingly, the bias 
voltage is increased, which increases the gain at higher 
modulation levels of the incoming RF signal. The gain is 
increased in response to detection of an RF signal with 
higher modulation levels. The effect of the invention for 
Class A circuits is to push the third order intercept point 
up by as much as 6 dB to attain an increased gain at rel- 
ative RF signal peaks, and attain the lowest distortion 
from a given area of semiconductor materials. With ref- 
erence to Fig. 6, the Class A amplifier 1 operation, and 
power transistor 2 operation, are indicated by the graph 
depicting the amplified RP signal voltage, V out vs. the 
incoming RF signal voltage, V in . The curve labeled 
"Idear represents the gain from quiescent signal to the 
beginning of soft compression of the power transistor 2. 
This point is far away from the saturation point (by per- 
haps 8 to 16 dB) The curve labeled "Quiescent Bias" 
indicates the gain resulting from the prior art Class A 
operation, wherein the bias voltage is controlled by the 
control loop circuit to remain the same as that provided 
to the power transistor 2 at quiescent signal levels. The 
curve labeled "Peak Bias 0 indicates a higher gain at 
modulation peaks of the input RF signal, particularly at 



the higher levels. The graph shows that at higher power 
levels, the gain is increased. Figure 6 shows a deviation 
from the ideal line of about 10%, for clarity. In actuality, 
the invention would more likely be used where the devi- 
ation from ideal is a few percent. In many applications, 
even 1% distortion in the power transfer curve is unde- 
sirable. The invention reduces distortion for Class A 
amplifiers by a voltage factor of about 4, which is 1 2 dB. 
This improvement is valid for any- starting point where 
the compression is about 5% at the peaks.' The inven- 
tion effectively controls the current in the RF amplifier 
and power transistor 2 dynamically with the input RF 
signal. A flatter curve of V out vs. V ln is produced, which 
is beneficial to reduce the intermodulation effects of soft 
clipping in an amplifier that is operated in Class A mode 
and on RF signals with high peak factors. 
[0015] Further, in response to detection of a signal 
at quiescent and at relatively lower modulation levels, 
lower bias voltage is supplied, which results in lower 
average current, for the same intermod performance. 
Specifically, the current in the Class A device can be 
generally cut in half for the same performance with this 
invention. 

[0016] With further reference to Fig. 2, and accord- 
ing to another embodiment feature of the invention, the 
peak detector 12 is connected to the summer through a 
diode 15 that has a turn-on threshold potential and that 
is non-conductive below the threshold potential to sup- 
press a relatively low output of the peak detector 12 
from reaching the summer. The bias voltage of the 
power transistor 2 is provided solely by a relatively low, 
quiescent bias voltage supplied by the source of low 
voltage 9. The gain of the power transistor 2 is thereby 
further limited for quiescent signals and low strength 
" signal levels, which results in lowering the amplified dis- 
tortion and spectral regrowth and other such intermodu- 
lation components. 

[0017] The circuit can also be used with the detec- 
tor output AC coupled, with the coupling substantially 
level down to the lowest frequency of the modulating 
envelope. This allows a simplification of the detector cir- 
cuit in terms of temperature compensation. Another 
modification of this invention would be to put a non-lin- 
ear transfer function between the detector and the tran- 
sistor. A transfer function might be a square root 
function, an exponential function, etc. 
[001 8] Other modifications and embodiments of the 
invention are intended to be covered by the scope of the 
appended claims. 

Claims 

1 . A power transistor circuit for dynamically increasing 
the gain of an amplifier operating on an incoming 
RF signal, including a power transistor (2), .a volt- 
age bias circuit biasing the power transistor (2), the 
voltage bias circuit having a peak detector (12) and 
a source of voltage (9, 1 6) supplying respective out- 
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puts to a summer (13), wherein the summer (13) 
supplies the sum of outputs of the peak detector 
(12) and the source of voitage (9) to Increase the 
bias of the power transistor (2) and provide an 
increased gain upon detection of peaks in the 5 
incoming RF signal. 

2. A power transistor circuit as claimed in claim 1 
wherein the source of voltage is a constant voitage 
source, and the power transistor operates in Class 10 
AB mode. 

3. A power transistor circuit as claimed in claim 1 
wherein the source of voltage is a current monitor 
(16), the output of the source of voltage is a current is 
control output, and the power transistor (2) oper- 
ates in Class A mode. 

4. A power transistor circuit including a power transis- 
tor (2) connected to an RF input (3) and a bias cir- 20 
cuit (11) having a source of voltage (9, 16) 
supplying an output connected through an RF 
inductor (6) to the power transistor (2), a peak - 
detector (12) supplying an output that increases 
with detected signal peaks, and a summer (1 3) sup- 25 
plying the sum of the respective outputs of the peak 
detector (12) and the source of voltage (9, 16) to 

the power transistor (2) to increase. the bias on the 
power transistor (2) upon detection of signal peaks. 

. •".,»' . . 30 

5. A power transistor circuit as claimed in claim 4 
wherein the source of voitage is a constant voltage 
source. 

6. A power transistor circuit as claimed in claim 4 35 
wherein the source of voltage is a current monitor 

(1 6) and the output of the source of voltage is a cur- 
rent control output. 

7. An amplifier circuit for increasing the gain of an 40 
amplifier processing an incoming RF signal includ- 
ing a power transistor (2), a voltage bias circuit (1 1 ) 
biasing the power transistor (2), the voltage bias cir- 
cuit (11 ) having a peak detector (12) and a source 

of voltage (9, 16) supplying respective outputs to a 45 
summer (13), and the summer (13) supplying the 
sum of outputs of the peak detector (12) and the 
source of voltage (9, 16) to increase the bias of the 
power transistor (2) and increase the gain upon 
detection of peaks in the incoming RF signal. so 

8- A power transistor circuit according to any preced- 
ing claim wherein the peak detector (12) is con- 
nected to the summer (13) through a diode (15) that 
has a turn-on threshold potential and that is non- 55 
conductive below the threshold potential to sup- 
press a relatively low output of the peak detector 
(12) from reaching the summer (13). 
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